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|. Background, Objectives, and Results

The three related ozone transport rulemakings — the SIP call, the section 126 rulemaking, and
the FIP—dl envision reducing NO, in the East using a cap-and-trade approach. In this type of
approach, alimited number of NO, emisson alowances is made available to the regulated community;
one alowance must be surrendered by a source for each ton of NO, emitted in the ozone season. By
buying or sdlling alowances, sources can control the degree to which they must control their emissions.
A source that finds emisson controls to be particularly expensive can buy alowances, in essence,
arranging to have another source take over some of its control burden.

Regulatory programs of this kind must have a procedure for the initid dlocation of the
dlowances. Though the dlocation question was left to the Statesin the SIP call, EPA must decide on
the dlocation system in the FIP and the section 126 rulemaking. EPA proposed three options for the
initid alocation to dectricity generators, in which distributions of alowances would be updated
periodicaly in response to the fuel used or the eectricity produced by individua sources.

Before deciding on one dlocation system, EPA requested that | CF Consulting Study the
consequences of adopting the three options that EPA had proposed relative to each other and to an
array of other systems. |1CF Consulting conducted the study requested by EPA, and has produced this
report on itsfindings. The options to be compared, and the criteria used for the comparisons, were
provided to ICF Consulting by EPA. The results of ICF Consulting’s analyses, as reported in this
document, indicate the likely differences from one EPA option to another dong the dimensions (eg.,
cost, emissions, prices) selected by EPA for analysis. The report does not, however, reach conclusions
as to which option EPA should select or prefer.

In preparation for the anadyss, EPA first constructed a set of Six “core” options, consisting of
combinations of characterigtics relaing to the timing of any changesin the dlocations, the basis of any
changes, and the recipients of the dlocations. Key digtinctions involved whether the use of a generating
unit in agiven year would change that unit’s dlocation in the future; whether the dlocation would
depend on the unit’ s inputs or its outputs, and whether non-fossil units would receive any alocations.
The options were defined in some detall and the detailed options to be analyzed were indicated to ICF
Consaulting. The relative consequences of the options for the eectricity market were then projected
using both basic market analyss and detailed computer smulations. For the smulations, the same
Integrated Planning Model (IPM) used by EPA for the SIP call and section 126 analyses was set up to
recognize different allowance dlocations. 1PM was sdlected by EPA for the assessments to ensure that
the analysis conducted by |CF Consulting would be consstent and competible with the economic
andysis of the SIP cdl and section 126 andyses, and because IPM has the flexibility to smulate the
effects of dlocation changes and can generate output measures relating to amogt al of the issues of
interest to EPA.
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In evaluating the options, EPA wanted to consider each one' s consequences in terms of
environmenta qudity, program cogt, and the digtribution of costs. As presented below, the analys's
conducted by ICF Consulting in response to EPA’ s direction predicted that updating dlocation systems
would result in somewhat higher program costs, generaly lower nationwide emissons, and more
generation within the capped region, while keeping dectricity prices from risng as much aswith
permanent (“ once-and-for-al”) alocation mechanisms. The lower dectricity prices (again, relaiveto a
cap-and-trade program with a permanent alocation) would tend to shift the costs of the program from
electricity users onto the eectricity producers. The andyss adso found that updating on the basis of fud
input rather than eectricity output would result in higher cogts, higher fuel use, and higher emissions of
CO,. Findly, separate but related andyses found that alocation mechanisms would have very little
effect on the production of power from non-foss| and renewable sources.

The following sections define a basdline or reference case; introduce the economic andysis as
conducted by ICF Consulting; lay out the EPA options that were andyzed; discuss severd economic
issues, examine the effect of dlowances on non-fossl units; and present the results of IPM smulations
of the options.

Il1. The Reference Case

Six dternate rules for dlocating NO, emission alowances to the electric utility sector are
discussed in thisreport. To compare the effects of these rules, areference case is established in which
a cap-and-trade alowance system is used to cut ozone-season NO, emissionsin aregion of 19 sates
and the Didtrict of Columbia (the 20 jurisdictions’). This region was selected in response to the NOx
cap-and-trade program proposed by EPA on October 21, 1998 as the section 126 remedy. EPA’s
proposal included sourcesin 20 jurisdictions in the control program on the basis of both the one-hour
ozone National Ambient Air Quality Standard (NAAQS) and the 8-hour NAAQS that was made fina
by the Agency on July 16, 1997.

In responseto aU.S. Court of Apped s decision regarding the revised 8-hour NAAQS, EPA
proposed on June 24, 1999 to indefinitely stay the 8-hour portion of the rule pending further
developments in the ongoing NAAQS litigation. This stay resulted in a proposd to include 13
jurisdictionsin the section 126 control remedy rather than the origind 20. Because the andysis
contained in this report began shortly after the October 21, 1998 proposal, and significant portions of
the analysis were complete prior to the June 24, 1999 proposdl, it considers aNOXx cap-and-trade
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Figre 1: The market for electricity before new NO, rules

Price of
electricity

Q& Quantity of electricity ontput
in the 126 region

program for the entire 20 jurisdiction arearather than revised 13 jurisdiction region. 1CF Consulting
expects that the general conclusions of the analysis should gpply well to other regiona breakdowns,
including the 13-jurisdiction section 126 region. This expectation is based on the fact that the
underlying theory behind the analysis of the effects of the options, which was fully supported by the
amulation analyses, is hot sendtive to the Sze of the affected region.

For this reference case, we assume that the alowances must be purchased initidly from the
federd government, through an auction or smilar mechanism. The effects of such a system on the
market for eectricity isillustrated in Figures 1 and 2, which aso serve to introduce the basic economic
framework used in thisreport. In Figure 1, D represents the demand for this dectricity. The demand
curve dopes downward — that is, consumers want to purchase less eectricity from suppliersin the 20
jurisdictions when they charge higher prices. This downward dope has two causes. Fird, at higher
prices, consumers economize on their use of eectricity. Second, and perhaps of more importance,
consumers will prefer to subdtitute eectricity that is generated outside of the 20 jurisdictionsif that
electricity becomes more economica. S, represents the supply of dectricity generated in the 20
jurisdictions prior to the impaosition of the new NO, rules that require additional controls. S, is shown
with an upward dope because, to supply more eectricity at any given time, more and more expensve
generators have to be added to the generation mix. Suppliers will not be willing to do this unless the
price risesto cover the higher per-unit costs of the added generation. The price of eectricity in the 20
jurisdictions can be expected (according to basic economic theory) to settle at the point where S,
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intersects D: at that price (P,), both generators and consumers are content with the same quantity (Qo).*
(Thisanadyss assumes thet the dectricity market is fredly competitive, which islikely to be close to
accurate by the time the NO, rules were proposed to go into effect.)

When a NO, reduction program is introduced through a cap-and-trade system, the supply
curve (which is based on the margina costs of producing eectricity) shifts upward in two increments.
Thisshift isshown in Figure 2. Thefirg increment isin response to the new varigble emisson control
cogts borne by the industry, and is shown in the figure as the margina cost of new emisson controls.
As a concrete example, this shift may come from the added cost of the urea used by an SNCR unit. If
the urea for producing another MWhr of eectricity costs $0.70, for example, then the operator of a unit
equipped with SNCR  will not want to offer the same amount of eectricity unless the price goes up by
$0.70 per MWhr. (Thetotal new variable control costs are shown in Figure 2, aswell.)

The reason for the second incrementa shift in supply is more subtle, and relates directly to the
rules of the cap-and-trade system. Under these systems, a producer generating another MWhr of
electricity mugt, in addition to buying some incrementa fudl and other materias (such as ureq),
surrender enough alowances to cover the unit’' sresidual NO, emissons. As aconcrete example,
suppose the SNCR-equipped unit introduced above emits NO, at the rate of 0.15 Ibs/mmBtu even
with the SNCR unit running. If its operator congders increasing output by one MWh, and if the unit
requires 10 mmBtu to produce each MWh, then the operator must count on surrendering 0.15
Ib/mmBtu times 10 mmBtwWMW or 1.5 pounds worth of alowances.

Allowances are vauable; if they must be bought from the government or in the market, 1.5 pounds
might cost $2.50. Thus, this operator would not be willing to supply the same amount of power unless
the price rose by an extra $0.70 (to cover the extra per-MWh cost of running the SNCR system) and
an extra $2.50 to cover the extra per-MWh cost of buying the alowances. This need for an extra
$2.50 per MWh to be willing to supply the same quantity is the reason that the supply curve shifts
upward by the second increment shown in Figure 2.

In totd, these additiona costs cause the dectricity supply curve to shift upward from S;to S,
resulting in an increase in dectricity price from P, to P; and areduction in dectricity produced in the 20

The supply and demand situation shown in the exhibit is asimplification that is relevant from the point of
view of theindustry as awhole, and for seasonal demand for electricity in aggregate. The upward sloping supply
curveis made up of small contributions from alarge number of units, each with aslightly different incremental
operating cost -- at higher prices and greater demand, more and more high-cost units are dispatched. The pricein
the exhibit represents the average market value of electricity, which actually varies throughout the day. The market
can look different from the point of view of the operator of a single unit, which might have relatively constant
incremental operating costs, while facing ademand function that offers a different price for each time of day. Despite
the complexity added by the change in the value of electricity by time of day, the basic electricity market dynamics
are captured well by the simple picture shown in Figure 1.
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jurigdictions from Q, to Q,. The higher price dso fosters an increase net dectricity imports from
outside the 20 jurisdictions, where éectricity is relaively less expensve because the new NO, ruleis
not applicable? For the purpose of comparing the dlocation rules, the post-cap supply curve, S;, and
the associated equilibrium price and quantity, are used as the reference case.

[11. Allocation rules

There are three key elements to be considered when describing afregly distributed alowance
dlocation rule: the timing of the alocations, the data relied on for determining the alocation, and the
recipients of the alocation.® Each of the three el ements has two aternatives from which to choose,
implying eight possible combinations. However, because two such combinations are difficult to
implement, the remaining six options provide the “core’ from which to choose. Each of these options
and their key dements are defined below. Supply and demand curves are then used to show

Figpre 2: The market for electricity after new NO, rules

Price of
electricity

Total new
variable
control costs

Q.n -Qn Quantity of electricity ontpmt
m the 20 junsdictions

2In acompetitive market, producers outside the capped region, who do not need to give up allowances
when they produce more electricity and emit more NOx, will be able to compete more successfully with producers
inside the capped region. At any given price, uncapped producers will offer relatively more electricity than capped
producers; in response, the market equilibrium will shift toward less production in the capped region.

3An auction is another system for allocating allowances. It differsfrom the systemsthat were proposed by
EPA and analyzed in thisreport in that it requires even the initial recipients of the allowances to pay for them
explicitly.
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differentid impacts of EPA’s core dternatives on the eectricity market.

A. Thetiming of the dlocation

The two principa systems being congdered for alocating alowances are differentiated by the
possihility of a change in the dlowance dlocation in the future. A permanent system calsfor afixed
dlocation that is never changed.* An updating system is not fixed, but instead changes over time
according to some rule that depends on the actions of the participants after the implementation of the
program.> A permanent system, therefore, establishes afixed distribution of the benefits associated
with the free digtribution of alowances, whereas an updating system alows those benefits to be
redistributed with each new update.

The choice between a permanent or updating systemis crucid because it determines the
incentives for the firms recaiving dlowances. As explained in the next section, a permanent system will
generdly havelittle, if any, impact on the behavior of the firms once the system is put into place. An
updating system, however, can be expected to influence the decisions made by operators of affected
units. Because updating systems call for changes in the dlowance dlocation a periodic intervasin the
future, firms have an incentive to do more of the activity that will earn them fredy ditributed
dlowances. Thus, the ability to earn future alowances causes firmsto dter their behavior compared to
when they do not have such an opportunity.

B. Thedaardied on for determining the alocation

The two principa datametrics or “yardgticks’ being considered as abasis for making afredy
distributed alowance dlocation are afirm’s fuel input and its electricity output. Economic theory
suggests that dlocating alowances in proportion to output should encourage greeter fud efficiency than
dlocating in proportion to fud input, which would give adirect incentive to use morefud. This
prediction was tested as part of the andysis of options. In addition, the bass of the alocation would
have a direct impact on the distribution of economic benefits (in that owners of exigting units thet are
less fud-efficient would receive more alowancesif dlowances were alocated in proportion to fuel
input). The cods of the dlocation ruleis dso directly affected by the cost of collecting the information
on which the dlocations are based. Theissue of information collection costs was not investigated
quantitatively for thisreport.

n permanent system is also know as a historical or grandfathered system.

°An updating system takes on the characteristics of a permanent system under some circumstances. For
example, asthe length of time between updates increases, an updating system becomes more like a permanent Also,
asfirmsreceiving allowances place less weight on the future (i.e., they discount the future more), an updating
system becomes more like a permanent system.
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C. Therecipients of the dlocation

The policy options being congdered involve dlocating the allowances to ether
foss| fuel generators adone or to both fossl and non-fossil fuel generators. Because NO, alowances
are used to cover emissions of NO, from the burning of fossl fud, only fossl fud burning generators
will need to use them. The alowances dlocated to generators that use no fossil fud, then, can be
expected to be sold to the foss| fud users (or transferred to foss| units with the same owner).

D. The“core’ dlocation rule options

With three pairs of dternatives, eight (=2°) potentia alocation rules exist:

I. Updating - fud input - foss| fud generators only

i. (Updating - fud input - fossl and non-fossil fudl generators)

. Updating - dectricity/thermd output - fossl fuel generators only
V. Updating - eectricity output - fossl and non-fossil fuel generators

V. Permanent - fud input - foss| fuel generators only
Vi. (Permanent - fud input - foss| and non-foss| fuel generators)

vil. Permanent - dectricity/thermd output - foss| fuel generators only
viii.  Permanent - dectricity/therma output - foss| and non-foss| fuel generators

However, because non-foss| fuel generators do not use fuel inputs in the same way that fossl
fud generators do, using fud input as the metric for dlocating dlowances to both foss| and non-fossl
fuel generatorsis problematic. Hence, options (ii) and (vi) are not being considered (indicated by
parentheses), thereby reducing the core options from eight to six dternatives®

All sx of the “core’ dternatives are assumed to begin with an dlocation for the year 2003 (the
firs year that, under the proposed section 126 rules, the limit for the ozone season would be in place).
This dlocation will be announced a minimum of three years before the beginning of the 2003 ozone
season, and will be based on plant-specific activities during some historica period (e.g., an average of
input or output during the years 1995, 1996, and 1997). For the three permanent alocation
dterndives, thisinitid dlocation is not updated, and units built after the higtorica period on which the
alocations are based are assumed to get no alowances.

For the three updating aternatives, new units are assumed to be included in the alocations.
Initidly, the new units must be trested separately from the exigting units, because there will be no
historical data on which to base their dlocations. Instead, the new units are assumed to be alocated

®A detailed examination of the six core options and three other options, which was submitted to ARD ina
memorandum dated February 17, 1999, is attached as Appendix A.
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enough alowances to emit at the same average rate as the rest of the industry until they have
accumulated enough data to be considered “existing” units, a which point they are trested the same as
al other units. (In dlocating dlowances to existing units, a portion of the total is assumed to be st
addefor the new units))

Theinitid higoricaly based dlocation for the updating dternativesis assumed to be held
congtant for 2003, 2004, 2005, and 2006.” Starting in 2007, the alocations are assumed to be
updated based on unit-by-unit activities four cendar years earlier. In most of the analysis presented
below, it is assumed that this updating process takes place annually, though longer periods could aso
be used. This updating schedule makes it possible for operators to know a minimum of three yearsin
advance what their dlocationswill be: a the end of the 2003 ozone season, EPA will announce
dlocations for the ozone season beginning in 2007.8

Many variants of these core dternatives are possible, and some of the possible variants are
examined toward the end of thisreport. One sgnificant variant was based on dternative iv shown
above (that is, updating on the basis of output to dl units), but updating quadrennidly instead of
annudly. Inthisvariant, theinitia alocation would remain fixed until 2007, & which point a new
allocation would be made based on each unit’ s average output for the years 2000, 2001, 2002, and
2003. This alocation would then remain in place until 2011, when a new dlocation based on 2004
through 2007 would go into effect.’

EPA aso conddered various ways of tregting new units under the updating dternatives,
including limiting their alocations to arate no higher than their permitted emission rates, which can be
much lower than rates for exigting units.  Finaly, EPA consdered an option equivaent to the

"It would also be possible to begin updating as early asthe second year of program, using a different base
year for each successive allocation.

8The non-ozone season months should provide enough time to collect and analyze the data on input or
output, to calculate each unit’ s share of input or output, and to compute the number of allowancesit will be allocated
for the future. 1f more time were needed, it might be necessary to leave more years between the base year and the

year for which the base year determinesthe allocation..

9Quantitative results for this variant were interpolated from explicit analyses of similar options, and
discussed in Section V1I.C.
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permanent dternatives, in which progressvely more dlowances are held back and auctioned to the
highest bidder

V. Supply and Demand Analysis of Effects of Options

Basic supply and demand anadyss, as introduced in Section [1, can be used to explain how the
core dlocation rules affect the dectricity market. Figure 2 shows the reference case (as defined above)
in which the equilibrium price of eectricity is P, and the equilibrium quantity is Q;. Thisequilibrium
represents the market outcome after the imposition of a new NO, emission controls and a cap-and-
trade system, in which the dlowances were initidly sold (e.g., through an auction) by the government.

Suppose, now, that the alowances (in an amount equd to the Size of the cap) are distributed
free to producersingtead of being sold. Under a permanent alocation system, this distribution is made
once and for dl (one the basis of historica output or fud use, or some other basis), and nothing that the
eectricity producers do after the system isin place will affect that alocation.*®

An important question is whether changing from an alowance sdeto afree, permanent
adlocation would change the effects on the market laid out in Figure 2. It might be thought thet, if the
suppliers were given a sufficient number of alowances a the sart of the program, such that they would
not have to purchase additiond onesin the market in order to cover the incrementa emissons from an
increase in output, that the supply curve would not shift upward as much as in the reference case.
Economic theory, however, strongly suggests thet the supply curve will shift up just as much whether
the dlowances are initidly sold by the government or are dlocated a no charge. The reason that the
need to surrender alowances will shift the supply curve upward whether or not they were given out free
isthat the dlowances have the same market vaue in ether case, and can be sold if they are not used.
Giving up alowances that could be sold for $2.50 will reduce a producer’s net profit by just as much
whether or not they cost anything initidly — for the same reason that inherited gold sdlls for the same
price as gold that isearned. In the terminology of economics, thereis an “opportunity cost” of using
alowances even if they were acquired for free, because in using them their owner loses the opportunity
of sdling them. !

10The allocation can change over time (e.g., shrinking by some percentage every year) and still fall under
the definition of permanent so long as these changes are all specified in advance, and do not depend on the actions
of the affected industry.

YEvenif allowances areinitial ly given out free in an amount that lets producers emit at 0.15 Ibs'/mmBtu, the
need to surrender valuable allowances still causes the supply curve to shift up substantially. Thiswould not be the
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If a permanent dlowance system shifts the eectricity supply curve in the sameway that it is
shifted in the reference casg, it follows that its effects on the market are the same as those shown in
Figure 2. The equilibrium price will rise by the same amount, and the quantity of eectricity produced in
the 20 jurisdictions will be reduced to the same degree. According to theory, assuming that the market
for dlowances works smoothly, this Smilarity in market impacts will hold however the permanent
dloceation is determined: in proportion to higtorica dectricity saes, historica capacity, historicd fuel
input, or any other system. This (perhaps surprising) conclusion is based on the “once-and-for-dl”
nature of permanent dlocations. If nothing that producers do after the dlocation affects the number of
alowancesthey are given for free, then there are no differences from one permanent alocation option
to another in their economic incentives once the program isin place.  If the producers incentives are
the same under every permanent alocation option, then they will act the same, and prices, quantities,
generation mixes, and other factors will beidentica.*? It istruethat different ways of alocating free
dlowances will help or hurt different firms, making them appear more or less profitable depending on
how many alowancesthey are given. Any extra profits, however, would be seen as aone-time
windfal rather than asasgn of the kind of fundamentaly higher productivity that would encourage
greater investment and expansion.

caseif the supplier could not keep the extra allowances if the incremental power were not produced—-which isan
important observation to be covered further on.

2The conclusion that “once and for all” allocations based solely on the past should not affect future
decisionsiswell supported by specific analyses of allocation mechanisms and by general economic theory. Asan
example of an analysis specifically aimed at alocation mechanismsis Jensen and Rasmussen’s “ Allocation of CO,
Emission Permits: A General Equilibrium Analysis of Policy Instruments’” (Working Paper. Ministry of Business and
Industry: Copenhagen, 1998). This paper examines several methods of allocating allowancesin the context of aCO,
permit system. They note that under a once-and-for-all allocation scheme, the costs or benefits associated with the
initial allocation of allowances are “sunk.” Thus, these sunk benefits should not play arole in afirm’s subsequent
output decisions regardless of theinitial distribution of allowances. A more general view of thisissueisfound inthe
introductory text by Dornbusch and Fischer (Economics. McGraw-Hill: New York, 1983.) The authors cite on page
180 the example of afirm that is halfway through building a bridge when it discovers that the second half of the
bridge will cost four times as much as the half already built. Intrying to decide whether to finish the bridge, they
state that the firm should not consider the cost of building the first half of the bridge because those costs have
aready been incurred. A firm that considersits sunk costs when deciding how much to produce hasfallen prey to
the sunk-cost fallacy and is not maximizing profits. In the bridge-building example, thisis equivalent to the firm
deciding that since it has already spent so much money to build the first half of the bridge it might aswell finish the
project. The equivalent fallacy in the case of allowance allocations might be afirm that had been given allowances
based on an unprofitable plant’ spast operation. If the allowance allocation was not contingent on the continued
operation of the plant, and yet the firm kept the plant in operation on the grounds that the allowances allowed it to
break even, the firm would not be maximizing its profits: it could actually do better by shutting the plant down and
selling the allowances. Numerical examples of similar situations are presented in Appendix B.
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Updating dlocation systems differ markedly from permanent sysemsin that they affect
producers incentives. Asunder any other cap-and-trade alowance system, the supply curve is shifted
up by the need to cover the incrementa costs of NO, control, and by the need to surrender vaduable
alowances for every additiona unit of output (because of the extra emissions associated with each unit
of output) from NO,-emitting generators. Thus, up to this point, the effects of an updating system
would be the same as shown in Figure 2.

The difference between updating and permanent systems derives from the linkage between the
actions of the producers and the numbers of alowances they receive in subsequent periods. If, for
example, operators know that producing one more MWh of dectricity will lead to being granted an

Figpre 3: The market for electricity with an updating allocation gystem

Price of
electricity

Q.l Qz Quantity of electnicity ontput
in the 20 jurisdictions

additiond 1.5 |bs of dlowancesin the next year, they will immediatdy look more favorably on
producing more electricity. Their reasoning might be as follows: “If | produce one more MWh of
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electricity, the cap-and-trade program means that | will have to spend (in addition to the cost of fudl
and maintenance) perhaps $0.70 on ureafor running my SNCR system, plus $2.50 for 1.5 Ibs of
alowances this year to cover the incrementa emissons of the source. These two factors together make
me unwilling to produce another unit unlessthe pricerises by at least $3.20/MWh. But if | do produce
another MWh, | will increase the number of alowances| get next year by 1.5 Ibs, which will be worth
perhaps $2.50 next year. The $2.50 | get next year does not completely make up for the $2.50 | give
up when | surrender the allowances this year, due to the time vaue of money. Still, the net cost of
producing another MWh of dectricity is much lower if | can count on getting a valuable extra alowance
dlocation than if | cannot.” By this reasoning, an updating system that joins future alocations to current
production will result in amuch lower supply curve than would be seen under a permanent alocation
system; producers will be willing to supply the same amount even if the price does not rise as much,
because of the incentive they get from the updating alowance dlocation. (Similar reasoning applies
whether the additional alocations come as aresult of greater output or greater input, because greater
input tends to result in proportionately more output.)

By inducing eectricity generators to increase fuel input use or eectricity output, therefore,
updating systems encourage dectricity production and shift the market supply curve down. This supply
curve shift is shown in Figure 3 asthe change from S, to S,. With the change in the supply curve
comes a change in the market equilibrium:  there will be alower equilibrium price (P,) and higher
equilibrium quantity (Q,) of eectricity produced in the 20 jurisdictions as aresult of updating festure of
the dlocation system.

The magnitude of the shift in supply may vary with the specifics of the updating dlocation
system. Because an output-based system directly rewards increased output, it can be expected to have
more effect on supply than a system based on input, which encourages output only indirectly. Among
output-based systems, the effects of alocating to both fossil and non-fossil fudl sources, relative to
alocating to foss| fud sources only, depends on how senditive these two types of sources areto price
changes. Aswill be explained in Section VI, because the non-fossil supply appearsto be quite inelastic
(that is, insendtive to price changes), the industry-wide supply curve is shifted more if dl dlowances are
alocated to the foss|-fueled sources.

B. Comparing dlocation rules usng numerica smulaions
Asdready noted in the previous discussion, the digtribution of alowances among eectricity

producers will vary depending on the alocation rule chosen. To get a better sense of this distribution,
EPA determined that it would be useful to estimate the magnitude of the alowance trandfer to severd
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common generator types. For each of the six core alocation options, therefore, EPA directed ICF
Consulting to create a spreadsheet mode to estimate the allowance alocation to, and the economic
implications for, arange of representative technologies: (1) conventiond pulverized cod (existing cod);
(2) gas combined cycle; (3) smple gasturbine; and (4) nuclear.® Incrementa benefits were aso
edimated for acoa unit that was not yet in existence until after the establishment of the alowance
dlocation sysem. Hypothetica plants were used in the model, with inputs typica of the performance
characteristics for each type.

In the spreadsheet model, we created a scenario representing each hypothetica unit’s output
over time (based on the characteristics assumed for it). We then calculated what fraction of the total
fud input, eectricity output (foss| or total) each unit represented. Given these fractions, the total
number of dlowances available for alocation, and rules for dlocating alowances under different
options, we caculated how many dlowances each unit would be award in each year.  The vaues of
these dlowance dlocations were then caculated by multiplying the numbers of alowances by estimates
of the margina cost of NOx reductions from EPA’s andlyss of the section 126 rules as proposed on
October 21, 1998. The vaue of the alowances received in each future year were then discounted
back to the first year of the program (assumed to be 2003) and summed to determine the net present
vaue of the dlocations.

This process was then repeated under dightly different assumptions about the level of operation
of each unit. For example, we assumed that one of the hypothetica plants increased its eectricity
output by asingle MWh in the year 2003, and reca culated the net present value of dl of the alowances
it would be dlocated in future years. By comparing the present values of the streams of alowances
with and without the one MWh change in output, we found the margind alowance-reated benefits per
unit of output. These margina benefits are shown in Table 1 for individua plants of different generation
types under the six core allocation options.

13 See Appendix A.
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Table1: Margind benefit of producing an additiond megawait of dectricity output in terms of the vaue
of alowances earned (US 1990 $MWh), for alowances alocated from 2003-2013 to
representative plants, by generation type (assumed lag = 4 years)

Combined

Allocation Option Exiding Cod  Nuclear Cyde Turbine New Coal
|Updating/I nput/Fossi| $2.17 - $1.82 $2.20 $4.36
|Updating/Output/Fossi| 2.26 - 2.26 2.26 471
|Updating/Output/All 1.76 1.76 1.76 1.76 4.21
[Permanent/Input/Fossil - - - - -
[Permanent/Output/Foss| - - - - -
Permanent/Output/All - - - - -

The margina bendfitsin the table imply that the incentives to increase eectricity output for a
given generation type and option can vary relaive to other generation types and options. Asshownin
the table, the incentives are seen only for updating systems.  under permanent systems, increasesin
current output have no effect on future alocations, and therefore result in no incrementa incentive!
The incentives provided by the output-based options are the same for dl of the existing fossil fueled
types— $2.26/MWh or $1.76/MWh — with the higher incentive for the option thet limits the alocations
to fossl units. The reason that the incentives are the same under the output-based optionsis that table
presents the vaue of the incentive per unit of output, and the allowances are dso dlocated per unit of
output. If al existing sources are given the same number of extra alowances per unit of output, then the
vaue of these extra dlowances will be the same per unit of output aswell. The nuclear unit, because it
does not use fossl fud, is given no incentives except in the option in which alowances are given on the
basis of output to al sources.

The incentives provided by the input-based dlocation option vary from type to type, and are
subgtantidly lower for gas combined cycle units than for conventiond cod or Smple gasturbines. This

YThis point isdiscussed in Note 12. See also Appendices B and C for discussion of the potential effects of
asingle permanent allocation, and a series of permanent allocations, on incentives to increase output .
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result isrelated to the fact that combined cycle units are more energy efficient, usng asmaler quantity
of energy (input) for each incrementa MWh (output). As aresult, their share of totd inputs, and thus
their share of alowances, rises substantialy less with output than does the share for less efficient types.

For the updating system based on output for fossl fue units, Table 1 shows a stronger
incentive to increase output for new plants. This somewhat surprising result is due to the assumptions
made about the number of alowances received by units before they have built up ahistory of inputs or
outputs used in updating the allowance dlocation. New plants were assumed, based on EPA’s
proposed dlocation system, to be given alowances based on their current operations until they have
built up enough of ahistory for their allowances to be based on their past operations. Thissmple
assumption means that their operation in their first few years affects thair dlocationstwice: inthe
current period, and in afuture period. The net incentive effect is therefore about twice aslarge in the
early years of anew plant.

Different ways of treating new units could have very different effects on new unit incentives,
however. If new units were given no alowances until they had been in operation for severd years, or if
the new units were given dlowances only & the rate they were permitted to emit, or if they were given
only afixed number of alowances based on their capacity and type, the incentives for operating the
new units would be smaller than shown. The exact characterigtics of an option asit relates to new units
should therefore be specified and andlyzed in detall.

The overdl magnitude of the incentives is substantid in comparison with the margind cost of
generation, which averages around $17-25 per MWh. Because these incentives gpply only to units
within the 20 jurisdictions (Snce units outside of the region are excluded from the alowance system and
its requirements), they can have substantid effects on the choice of where to generate eectricity.
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V. Economicsissues

A. Thedigributiond effects of the alowance dlocation sysem and rent seeking

When dlowances with market vaue are being alocated to producers a no cog, the recipients
receive a substantial economic benefit. Which producers receive alowances, then, becomes an
important digtributiona question. The answer to this question depends, in part, on dl three of the basic
elements discussed above. The choice of a system type (updating or permanent), though, is of
particular importance because it determines whether the vaue of the alocated alowances will be
shared between producers and consumers of dectricity. The connection between updating and the
digtribution of the value of the alowances between producers and consumersis discussed below.

In a permanent alocation system, the benefits of the free alowance alocation are shared among
the producers of dectricity alone, with the digtribution determined by the other dlocation rule features
such as whether the alowances are dlocated according to fud input or eectricity output, and whether
owners of non-foss| fuel units receive some of the adlowances.

In an updating alocation system, benefits of the free alocation are received by consumers, as
well. Theway that the consumers sharein the benefitsis shown in Figure 5. In thefigure, P, and Q,
indicate the initia equilibrium price and quantity in the market for dectricity after the imposition of new
NOX regulations that require additional emisson controls, but before consdering the effects of updating
(asshownin Figure 2). Although producers benefit from this alocation because dlowances are
obtained at azero price, consumers aso benefit because the updating system itsalf encourages
producers to increase supply, which in turn lowers the price of eectricity. This secondary transfer to
consumers occurs through the eectricity market’ s pricing mechanism and not through a direct
government trandfer (asis the case in the transfer to producers).

The key factor in this benefit transfer mechanism is the updating system itsdlf, which causes
producers to modify their production decisons. By inducing producers to increase supply, as noted by
the shift from S, to S, in Figure 5, the updating system helps consumers by lowering the price® The
resulting reduction in the price of eectricity completes the transfer to consumers by increasing consumer
surplus (shown in Figure 5 by the cross-hatched areq).

15T he magnitude of the shift in supply from S, to S, is comparable to the distance between S, and the
dashed line shown in Figure 2 when producers do not discount the future. Astherate at which thefutureis
discounted increases, the magnitude of the shift from S, to S, decreases.
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The higher leved of dectricity production can lead to economic inefficiency. Ineffidency inthis
context is a somewhat subtle concept that refers to outputs that cost more to produce than they are
worth to consumers. Assuming a competitive eectricity market, any eectricity produced in excess of
Q) costs more to produce than consumers are willing to pay (i.e., the margind cost is grester than the
margina revenue). This excess production is an inefficient or wasteful use of resources, which
economigts cal a*“deadweight loss” The magnitude of thisloss is shown by the area of the striped
trianglein Figure 5.6 1

Bror anal ysis and discussions on the efficiency aspects of updating systems., see Fisher, Carolyn, “An
Economic Analysis of Output-Based Allocation of Emission Allowances,” document prepared for meeting of the
Greenhouse Gas Emissions Trading Braintrust, Nov. 24-25, 1997 (affiliated with Resources for the Future); Ellerman,
A. Denny, “Note on Allowance Allocations Based on Current Output,” unpublished manuscript, Oct. 2, 1998;
Sterner, Thomas, and Lena Hoglund, “ Output-Based Refunding of Emission Payments: Theory, Distribution of
Costs, and International Experience,” unpublished manuscript, Mar. 1998; Wade, Sarah M., and Joseph Goffman for
the Environmental Defense Fund, Comments on Federal |mplementation Plans to Reduce the Regional Transport of
Ozone; Proposed Rule EPA Docket No. A-98-12 and Findings of Significant Contribution and Rulemaking on Section
126 Petitions for Purposes of Reducing Interstate Ozone Transport; Proposed Rule EPA Docket No. A-97-43,

undated-1998/9; Lashoff, Daniel A., Tim Hargrave, and Sam Keller, “ Output-Based Allocation of Emission
Allowances,” discussion draft, affiliations: Lashoff — Natural Resources Defense Council, Hargrave and Keller —
Center for Clean Air Policy, October 1997.

Y|t is also worth noti ng that the deadweight loss triangl e associated with the updating systemis
conceptually related to the rent seeking activity associated with the permanent system. In the classic rent seeking
case, potential beneficiaries of valuable government transfers lobby government to direct the transfer their way.
Lobbying activity related to theinitial allocation of allowancesin a permanent system is consistent with this
paradigm. However, with an updating system, the channel through which rent seeking behavior occursis different.
Rather than lobby government officials directly to induce them to choose the metric that gives them the greatest
chance at earning future allowances., rent seekers pursue these rents through their market behavior, specifically, by
doing more of the activity that earns them future allowances (e.g., increased fuel input use or electricity production)

Although the channels are different, the fundamental inefficiencies of rent seeking are present with both
allocation systems. Principally, the net gain to society could be increased by reducing the duplicative costs incurred
pursuing the transfer. Minimizing the social welfare loss associated with the free transfer of allowancesinvolves
choosing between a permanent system in which rent seeking activity is concentrated in the rule-making period, and
an updating system in which rent seeking activity is spread out in time, beginning with the rule-making period and
carrying forward to all periodsin the future that effect future allowance allocations.
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Figure 5: The effect of an updating alocation system on socid welfare
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The digtributiond issues associated with both a permanent system and an auction can dso be
shown graphicaly. Firgt, note that with an auction or a permanent system, there is no inducement to
increase supply as thereiswith an updating system, implying that the eectricity market equilibrium price
and quantity remain a& P, and Q, respectively.

The producers benefit from the free distribution of alowances through a permanent system can
be shown by smply computing the average vaue of dlowances per unit of eectricity output (a*) and
multiplying it by the quantity of dectricity output. Thisareaiis shown in Figure 6. The transfer has no
impact on the firm’s output decison. However, over the long run it may yidd gainsin productivity if it is
used for research and development or to finance capitd investments. Therefore, the transfer may shift
the firm’s long-run supply curve, but because the transfer is not linked to any specific actions on the
part of the firm, it isnot clear what the result will be. For example, the transfer could be used by the
firm to boost dividend payouts to shareholders, or to enhance employee compensation, as well. 8

18T he outcome of an auction is fundamental ly different because, by definition, the transfer of allowancesis
made at a positive price. Producers still gain through an auction when their willingness to pay exceeds the allowance
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In conclusion, the choice between a permanent system, an updating system, and an auction
involves a potentid trade-off involving the digtribution of the benefits of free alowances and the
avoidance of inefficiency in eectricity production. A permanent system can help minimize eectricity

Figure 6: The producers gain with a permanent allocation system

Price of
electricity

X
XRRKK

Producers
gain

Q.

Quantity of eectricity output

production costs and ensure that eectricity is not overproduced, but it confines the benefits of the free
alowance dlocation to the producers of dectricity. With an updating system, the benefits of the free
alowance dlocation are shared between producers and consumers of eectricity, but eectricity
production is somewhat inefficient (i.e., too costly to produce rative to its vaue to consumers).

B. Revenuerecyding and tax distortions

price (whichisthe case for al alowances purchased through an auction except the marginal unit), but the gainis
smaller than when the allowances are allocated for free through a permanent system. This can be demonstrated by
using the graph in Figure 6 by simply noting that asmaller a* implies a shorter, but equally wide, shaded rectangle.
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An important focus of the economics literature has been on the interaction of the dlowance
dlocation rule on the tax system.*® The literature focuses on two fundamenta interactions: the revenue-
recycling effect and the tax-interaction effect.

The revenue-recycling effect refers to the improvement in the economy’ s operation
functioning resulting from the use of revenue collected from an auction or an environmenta tax in place
of revenue collected from a ditortionary form of taxation, such asanincome or asdestax. The
incentive to generate this “ double-dividend” is based on the principle that distortionary forms of taxation
promote inefficiency. (Inefficiency refers to the misuse of economic resources, as when they are used
to produce outputs that are not worth to enough to consumers to outweigh their costs)) By substituting
an dternate source of tax revenue that does not promote inefficiency, therefore, is wefare enhancing.
Because an environmenta tax or auction is not inefficient (the tax or auction price dters behavior in a
socidly desirable way), it can be used as a revenue generating source without the adverse behaviora
change that is the source of the inefficiency.

The tax-interaction effect refersto the impact that a higher dectricity price has on labor
markets dready plagued by distortionary income taxation.?® Specificaly, the higher electricity price
magnifies the adverse effect of the income tax on individuas willingness to work (i.e., supply their
labor). Theintuition goes asfollows: (i) At the margin, income taxation reduces individuas desreto
work because it decreases the after-tax wage. Society is harmed by this because people produce less
work output and instead substitute leisure. (ii) Producers of goods that require the disposa of pollution
and thus pay the cost of buying allowances and increasing control are able to pass on some of these
higher costs to consumers. Consumers of these “pollution intensive” goods reduce their purchases of
these goods because the price is higher, and instead subgtitute leisure (as well as non-pollution intensive
goods). (iii) By increasing the price of pollution intensive goods, the distortion toward too much leisure

19geg, for example, Jesper Jensen and Tobias N. Rasmussen, “Allocation of CO, Emission Permits: a General
Equilibrium Analysis of Policy Instruments,” unpublished manuscript, December 21, 1998; Peter Cramton and Suzi
Kerr, “ Tradeable Carbon Permit Auction: How and Why to Auction Not Grandfather,” RFF Discussion Paper 98-34,
1998; Carolyn Fischer, “An Economic Analysis of Output-Based Allocation of Emission Allowances,” - document
prepared for meeting of the Greenhouse Gas Emissions Trading Braintrust, No. 24-25, 1997 (affiliated with RFF);
Fischer 1999; Lawrence Goulder, lan W. H. Parry, and Dallas Burtraw, “ Revenue-Raising vs. Other Approachesto
Environmental Protection: The Critical Significance of Pre-Existing Tax Distortions,” RAND Journal of Economics,
28(4) 1997, 708-31; Don Fullerton and Gilbert Metcalf, “ Environmental Controls, Scarcity Rents, and Pre-Existing
Distortions,” NBER Working Paper 6091, July 1997.

OThe price of electricity is assumed to increase in response to stricter NO, regulations that require more
control strategiesin the aggregate.

DRAFT
Page 21



isincreased. Thus, by adding a new adverse distortion to a pre-existing adverse digtortion, the new
regulatory rule exacerbates an aready inefficient Stuation. The impact that each effect has on the
overal economy depends on the system for dlocating dlowances. Under apermanent system, thereis
no revenue recycling because no revenue is collected by the government as part of the dlocation. It
does have an adverse tax-interaction effect, though, because the price of dectricity is higher following
the implementation of atrading program that interndizes environmenta cogts. An updating system adso
does not have arevenue-recycling effect. However, it has a tax-interaction effect for the same reason
that a permanent system has one, yet because updating causes eectric utilities to increase output,
pushing the price of eectricity down, the magnitude of the tax interaction effect issmaler. Put
differently, the rise in dectricity prices resulting from the new NO, program codt issmadler, anceitis
offset, in part, by the increased supply of dectricity attributable to the incentives caused by the updating
system. Thus, an adverse tax-interaction effect may exigt, but it is smaller as aresult of updating. %

D. Imperfect competitior??

If there exists market power in the eectricity market, which islikely until deregulation generates
competition, then eectricity output may be inefficiently low (in thet the value to consumers of additiona
electricity would be more than the cost of producing it). The increase in output resulting from an
updating system may therefore increase net socid welfare by inducing producersto am for aless
inefficient level of output (at least until the market becomes competitive).

V1. Allocationsto non-fossil generators
As noted above, one of the core alocation options considers allocating allowances to non-foss

generators. This alocation can be expected to give increased incentives for non-fossl generation, while
reducing the incentives for foss| units (because alocating some of the allowances to non-foss| units

2LAn auction has both arevenue-recycling effect and a tax-interaction effect. Because they affect social
welfare in opposing directions, the adverse tax-interaction effect is at least partially offset by the beneficial revenue-
recycling effect. For afurther discussion of this subject, see Goulder, Lawrence H., lan W.H. Parry, and Dallas
Burtraw (1997), “Revenue-Raising Versus Other Approaches to Environmental Protection: The Critical Significance
of Preexisting Tax Distortions,” RAND Journal of Economics, 28(4), 708-731.

22For amore complete discussion, see: Henry van Egteren and Marian Weber, “ Marketable Permits, Market
Power, and Cheating,” Journal of Environmental Economics and Management, 30, 1996, 161-173; Cathrine Hagem
and Hege Westskog, “ The Design of a Dynamic Tradeable Quota System Under Market Imperfections,” Journal of
Environmental Economics and Management, 36, 1998, 89-107.
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would leave lessfor the foss| units). The net effect on generation of this shift in incentives depends on
how responsive these two types of generation are to changes in incentives.

The responsiveness of non-fossil sources can be expected to be much lower than that of the
foss| sources. The reasons to expect that non-fossil sources will not respond strongly to alowance-
based incentives can be divided into those relating to the level of operation of ongoing units, and those
relating to the closure of old units and the cregtion of new ones.  Non-foss| units tend to have low
variable operating cogts, ranging from the relatively low fud cogts for nuclear units to the free wind,
sunshine, and running water used by renewables. Because the operating codts of the non-fossil units
are generdly lower than those of fossl fud units, it makes economic sense for these unitsto be run as
much as possible once they have been build, whether the revenues received for their dectricity are high
or low. The modd used by EPA to estimate the effects of the section 126 rules (IPM) therefore
assumes that the non-fossil units operation is not affected by electricity revenues.  For the same
reason, the incrementa incentives from the adlowance alocation mechanism can be expected to have
amog no effect on the day-to-day output decison of the non-fossi| units. Many foss| units, on the
other hand, are in operation only part of the time, and can increase or decrease their output repidly if
economic circumstances change. In the short run, therefore, taking some of the alowance dlocations
away from fossl unitsto give to non-fossil units will reduce the net effect of alowances on outplt.

Whether the availability of alowances would affect the non-fossil supply of dectricity in thelong
run, once operators have had time to adjust capacity through new builds or retirements, is a separate
question. ICF Consulting examined the long-term effects of alowance dlocations on both nuclear and
renewable capacity, though with the greatest emphasis on potentia to dow the shut-down of existing
nuclear plants.

A. Analysis of the Effects of Allowance Allocations on Nuclear Capacity

Allowance alocations have at least some potentia to change the decison of when to shut down
exiging plants. By receiving vauable dlowances, unitsthat are othewise in afinancidly tenuous
condition might be made well enough off that they are able to remain in operation. Assuming that a
generator shuts down if the present value of al future earnings is negative, the question becomes
whether alocating alowances to non-fossl fud generators creates a transfer that keeps the present
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vaue of future earnings positive when they would otherwise be negative® |CF Consulting conducted
severd andyses to determine the impact of an annualy updated output-based dlocation system on the
shutdown decisons of nuclear units.

Based on projections by the Energy Information Adminigiration (EIA), ten nuclear unitswere
identified in the 20 jurisdictions that would retire prior to the expirations of their licenses due to financid
losses. Our andysis investigates whether the NO, alowances, if alocated to these nuclear units, would
dter their early retirement decisons. We collected performance data for each of these ten nuclear
units, aswell as data resulting from dectricity market forecasts by IPM and other sources. The analyss
uses a NO, dlowance allocation spreadsheet modd, with inputs of unit-specific data. The production
cost and revenue streams are calculated for each unit, with net cash flows estimated between 2001 and
the years that licenses expire. The itemized revenues included capacity revenue and proceeds from the
sde of energy sdlesand NOx dlowance. Itemized costs encompassed variable and fixed O&M costs
and fud cogts.

Theten plants vary in their gpparent profitability, and therefore, in the likdihood that they will
continue to operate if they receive no dlowance alocation. The unit's capacity factor (CF) isakey
eement in determining the financid Stuation of aplant. We found that the contribution of the revenue
from sdling NO, alowancesto the plant’s overdl revenue stream (gpproximately 18 percent of the net
cash flow for the average plant in this group) has a minima impact on each plant’s profitability, and thus
has only adightly positive effect on the probability a unit will not shut down. Put another way, the
revenue from alowances is usudly not large enough to offset the larger gap between operating revenues
and costs.

The determination of the impact of alowances on profitability centers around the capacity
factor of each plant. Under the assumption that each plant’s future capacity factor can be predicted
exactly, and that it will be equd to the average capacity factor a the plant in the past, the conducted by
ICF Consulting for this report showed that one plant (Peach Bottom #2) would remain barely profitable
for four more yearsthan if it received no alowances. In dl other cases, plants that would have been
unprofitable without alowances would still be unprofitable with alowances.

235uch an allocation would apply only if an updating system is used that is based on electricity output.
Under a permanent system, the allowances would be treated as a “ sunk benefit,” implying that the decision to shut
down would be made independent of the allowance transfer (see note on page 12, and Appendix B, for discussions
of sunk benefits). Because nuclear units do not use fossil fuel, they would not be included in a system based on
heat input.
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Because future capacity factors are uncertain and the views toward that uncertainty are likely to
vary among plant operators, |CF Consulting conducted two analyses that introduce uncertainty into the
modd. InaMonte Carlo analysis, capacity factors at each plant were alowed to take on random
vaues based on past variahility in capacity factors at that plant. Similarly, in a second andlyss,
capacity factors at al plants took on random values based on the past variability of capacity factors at
all plants Theresults of these andyses were quite Smilar and consgtent with the initid andysis
recaiving free dlowances might save one or two plants, but it was even more likely that none would be
saved.

To provide a consstency check, the results of the three analyses conducted for this report were
compared to an analysis conducted by EIA on the effects of the Kyoto Protocol on nuclear plant
cdosing. Inthat andyss, different levels of carbon reductions were projected to raise eectricity prices
by varying amounts, which, in turn, would leed to reductions in nuclear plant closures. By trandating
the vaue of NO, dlowancesinto their equivdentsin terms of changesin dectricity prices, it could be
estimated that EIA’s method would have shown roughly a one percent increase in nuclear generation by
the year 2015 in response to the alocation of additiona alowances to nuclear units. Though this
comparison is quite rough, it appears to comport well with the order of magnitude of effects projected
by ICF Conaulting's analyses of threatened plants. Initsanalysis of the effects of alowance dlocations,
therefore, ICF Consulting assumed that alocating alowances to nuclear units would not change the
number or rate of nuclear plant closures.

B. Potentid Effects of Allowance Allocations on Renewable Generation

ICF Consulting did not conduct an independent analysis of the long-run supply of renewable
generating capacity and the effects of allowance alocations on that capacity. Instead, we consulted
three existing studies of the effects of carbon policies on renewable generation. Because policiesto
reduce carbon emissions tend to give afinancia advantage (e.g., through an increased price of
electricity) to renewable sources, renewable sources are projected to increase their share of total
generation in carbon-reduction scenarios. For each study, we found the projected market share
increase for renewables and the increased financid incentive that was associated with it. Wethen
compared the carbon-related incentives in the studies to the magnitude of NOx alowance benefits.
Under the assumption that increases in market share would be proportiond to the magnitude of the
incentive, we were then able to estimate the market share increase for renewables that could be
expected in response to granting allowance dlocations to renewable sources.

The three studies that were identified as addressing the issue of the impact of eectricity price
increases on the market share of renewable eectricity were the following:
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e U.S Depatment of Energy, Energy Information Adminigtration (DOE/EIA), 1998, Impacts of the
Kyoto Protocol on U.S. Energy Markets and Economic Activity.*

»  Short, Walter, and Laura Vimmerstedt, undated, Supply Curves for the Reduction of U.S.
Carbon Emissions with Renewable Energy, National Renewable Energy Laboratory.

» Interlaboratory Working Group, 1997, Scenarios of U.S. Carbon Reductions: Potential
Impacts of Energy-Efficient and Low-Carbon Technologies by 2010 and Beyond. Oak Ridge,
TN and Berkeley, CA: Oak Ridge Nationa Laboratory and Lawrence Berkeley Nationa
Laboratory. ORNL-444 and LBNL-40533.

The results of the three studies were fairly consstent. They yielded projections that increasing
the revenues of renewable sources by 3 mills per kilowatt-hour for five months each year (whichis
about the magnitude of the benefits of granting alowances to non-fossil units) would result in increased
market share for renewable dectricity of between 0.2 to 0.4 percentage pointsin the 2010 to 2020
timeframe. The smdl Sze of thisimpact led us to assume that renewable generation would be
essentidly insengtive to the alowance alocation mechanism.? In terms of the direction of the effects of
dlocating alowances to non-foss| units, though, it is reasonable to expect any added incentive to lead
to a decrease in non-capped pollutants like carbon. In addition, because the renewables sector is
currently small compared to the industry as awhole, even an increase in market share of afraction of a
percentage point could result in asignificant percentage increase in the renewables indugtry in itsdlf.

VIl. Resultsof Simulations Using | PM
A. Approachto Using IPM

The supply and demand analysis of the effects of dlowance alocations on the dectricity
market, combined with the spreadsheet analysis of the magnitudes of the allowance vaues, suggested
that the different options could change the effects of the section 126 rule to alarge enough degree to
show up in the results of smulation modeling. 1CF Consulting therefore set up IPM (the dectricity
generation smulation modd used to estimate the costs of the section 126 rule) to recognize the effects
of dlowance dlocations. Asused, IPM caculates the number of alowances each unit would be digible

! Internet address: http://www.eia.doe.gov/emeu/plugs/plkyoto.html
2Memorandum from William Driscoll to EPA, dated March 16, 1999.
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to recelve under specific options, considering that unit’s fuel input and dectricity output, and then
computes the discounted value of those alowances given the estimated market price of alowances.®
These alowance values are treated by the mode as offsets to the costs of operation, thereby leading
the modd to treat any incremental alowances as an incentive to produce more electricity.

A tota of four modd runs were used, smulating the production of eectricity from 2000 through
2019 under an ozone-season cap on NOKx for the 20 jurisdictions. One run, termed the reference case,
assumed that changes in generating unit operations would have no effect on dlowance dlocations. This
run was used to represent al of the permanent dlocation variants, as well as any potentia optionsin
which alowances are digtributed through an auction or direct sdes. (Differences across the permanent
options, in the alowance profits or costs, can be computed off-line, but have no effect on the smulation
modédl, for reasons discussed in a previous section.)

The other three runs smulated the updating options. fuel input-based updating for fossl units;
electricity output-based updating for fossil units;, and eectricity output-based updating for both foss|
and non-fossl units.  Indl cases, updating was assumed to be done annualy, based on output or input
from four years earlier.

Asindl of the IPM runs conducted in support of the section 126, SIP call, and FIP
rulemakings, both total demand for dectricity and non-fossi| capacity and generation were assumed to
be insengtive to price changes. Off-line calculations (that is, outsde of the IPM model) were made of
the potentid effects of price dadticity of demand on emissons. These off-line caculations were
particularly important in estimating the effects of updating on carbon and mercury emissons, they are
detalled in Appendix D.

For smplicity in programming the effects of updating, no specid dlowance set-aside or
alocation was modeled for new units. New units were tregted like existing units, in that for each year
they were granted dlowances for a future year, but were not given any specid dlocationsin their first
years based on current operations.  This smplification means that the analyses conducted for this
report understate both the incentive to operate new unitsin their early years, and (to a smdl extent) the

3The number of allowances each unit is given per unit of output or input cannot be determined before the
model is run because of the limit (cap) on the total number of allowances. Instead, units are awarded a share of the
total number of allowances based on their shares of total output or input. Because these shares are determined
simultaneously with the decisions of all of the other units, it was necessary to use an interative procedure. Inthe
procedure, successively more accurate estimates of the allowances per unit of output or input were used to
calculated per-unit incentives, until the model runs converged on a single solution.
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attractiveness of building new units. Section VII1.C. discusses thisissue further.

B. Results of IPM Analyses

The reaults of the analyses of the updating options, both rative to the permanent alocation
reference case and to one another, paralleled the predictions of the basic supply and demand andlysis.
Generation in the 20 jurisdictions was projected to be higher in the updating cases, and lower in the rest
of the country, leading to virtualy unchanged generation. (The lack of a naticeable changein nationa
generation isaresult of the smplifying assumption used in the IPM runs that dectricity useis not
affected by the policy options. This assumption was relaxed in off-line caculations, dlowing updeting
to increase system-wide generation dightly. These off-line caculations are described in Appendix D,
but the results are not shown in the tables in this section.)
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Table 2: Change in dectric generation (GWh) relative to permanent alocation
(These results exclude the effects of changesin tota dectricity use due to price changes)

20 Juriddictions Oil/Gas Combined .
Updating Option \ All Codl Steam Cyde Turbine Tota
6,498 1,957 121,958 11,719 142,132
0.5% 8.4% 109.7% 68.8% 10.5%
2,873 1,484 127,569 8,716 140,643
Output/Fossl
114.8% 51.2% 10.4%
2,007 1,154 126,881 2,803 133,175
Output/All
0.2% 5.0% 114.2% 16.5% 9.8%
Total System \ Qil/Gas Combined :
Updating Option All Cod Steam Oyde Turbine Tota
(9,365) (1,202) 7,308 358 99
-0.3% -0.7% 1.4% 0.6% 0.0%
(9,725) (1,967) 12,862 (1,083) 87
-0.5% -1.1% 2.4% -1.7% 0.0%
(9,922) (1,514) 12,599 (992) 171
-0.5% -0.8% 2.4% -1.6% 0.0%

Table 2 shows the effects of the options on generation by region, compared to the permanent alocation
options. Thistable, and the ones that follow, show averaged results over the period 2004 through
2019. Totd output of eectricity rises by about 10 percent in the 20 jurisdictions under the updating
options, with adightly smdler increase in the Output/All option. This generation is shifted into the 20
jurisdictions from the rest of the system, as can be seen from the fact that the sysslem-wide tota barely
changes at dl (again, these andyses assumed that dectricity usage would not be affected by the
policies). This shift in generation comes about because the alocation of more alowances to unitsin the
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20 jurisdictions gives those units an added incentive to generate.

It isimportant to note that little of thisincrease isfrom cod units, which congtitute the mgority
of exidting capacity. Thelargest increase is from gas combined cycle units, which are both low in
emissons and reldively energy efficient. Thereisasomewhat smdler gain for gas combined cycle
units, relative to the less-efficient types, under an input-based updating program. This patternisto be
expected, due to the greater incentive given to units that use more fud under an input-based system.

Some of the increased generation in the 20 jurisdictions comes from increased output at existing
units. Mogt, however, appears to come from a substantia increase in combined cycle capacity in the
20 jurisdictions under the updating options. Capacities of Smple-cycle turbine units are dso much
greater in the 20 jurisdictions when compared to the reference case. Asseenin Table 3, these
changes result largely from shiftsinto the 20 jurisdictions from the rest of the system, not from a gresat
increase in system-wide capacities. Still, as shown in the lower pand of Table 3, the updating options
lead to ardative increase in gas combined cycle capacity, and adrop in cod, oil/gas steam, and
smple-cycle turbines (except in the input-based option). One explanation for this shift may be the
increased pressure to control emissions under an updating system: with more foss|-fueled generation,
and more fud input, the effective emission rate in pounds of NO, per mmBtu would have to be lower if
total NO, emissons were cgpped. One way to reduce emisson rates isto switch to inherently cleaner
types of generation, and this may be one reason for the shifts in generation seen in the table.

The shift in capacity and generation into the 20 jurisdictions shift the costs of generation aswell:
with more units being built in the 20 jurisdictions and greater totd output, cogsin the 20 jurisdictions
are greater by severd hillion per year. Tota system-wide costs change by much less, because most of
the cost increase in the 20 jurisdictions is due solely to atransfer from the rest of the country. There
would, however, be someincrease in net system-wide costs under the updating options, as shown in
the last column of the lower pand of Table4: input updating would add $29 million per year to the cost
of the section 126 rulemaking; output updating for fossil units would add $27 million, while output
updating to dl units would add $18 million.
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Table 3: Change in capacity (MW) relative to permanent alocation

20 Juridictions \ Oil/Gas Combined .
Updating Option All Codl Steam Cycle Turbine Totdl
89 66 34,933 25,067 60,152
0.1% 0.3% 90.8% 52.8% 21.2%
4 390 36,095 20,389 56,869
Output/Fossl
93.8% 20.1%
4 302 36,080 8,488 44,866
Output/All
0.0% 1.4% 109.3% 17.9% 12.7%
Total System \ Qil/Gas Combined :
Updating Option All Codl Steam Cycdle Turbine Total
(1,279) (183) 1,078 391 7
Input/Fossl
-0.4% -0.2% 0.6% 0.4% 0.0%
(1,377) (12) 2,218 (838) 9
Output/Fossl
-0.5% 0.0% 1.7% -0.9% 0.0%
(1,378) (97) 2,210 (736) (1)
Output/All
-0.5% -0.1% 1.3% -0.8% 0.0%

The table shows that these increases are an inggnificant portion of the total costs of generation. They
are not, however, completely insgnificant percentages of the costs of the 126 program asawhole: the
annudized cost of the NO, control program is estimated to be about $1.25 hillion under a permanent
alocation system (in 1990 dollars), so the updating options would add in the range of two to three
percent to costs.

The reason for this cost increase was discussed in Section V: economic inefficiency results if
producers are encouraged (by offering the incentive of more allowances) to generate more electricity
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beyond the point where their true costs exceed what consumers are willing to pay. The theoretica
magnitude of the inefficiency was illustrated in Figure 5, as the shaded area between the true cost curve
S1 and the demand curve, for the increased units of output from Q1 to Q2.

Another way to understand the origin of the increased costs due to updating isto consider the
effects of increasing fossil generation within a capped region. As noted above, increasing the use of fue
in aregion with abinding cap on NO, emissons effectively tightens the gandard in lbs'mmBtu. This
tighter standard leads to higher control costs per unit, afact that isreflected in the margina costs of
NO, control under the updating options.  margina costs are higher by about ten percent as compared
to the reference case.

As discussed, the incentives provided by updating dlocation mechaniams shift the supply curve
in the 20 jurisdictions downward, leading to noticesbly lower equilibrium margind costs. Assuming a
competitive market for dectricity, the price will shift down by the amounts shown in
Table 5. Becauseretall eectricity prices are higher than margind costs (due to capacity values,
transmission charges, and other factors), the percentage changesin prices seen by consumers would be
gmadler than the percentage changesin margina cogts. Still, as shown in the table, in most parts of the
20 jurisdictions, o0zone season prices would be lower by severa percent under the updating options.

Table4: Changeintota production costs (million $) relative to permanent alocation

20 Juridictions Vaiable Fixed .
Updating Option \ 0&M 0&M Fue Capita Totd
120 421 2,158 1,491
I nput/Fossl
5.7% 12.2% 18.1% 82.5%
2,128 1,378
Output/Fossl
5.4% 12.1% 17.8% 76.2%
1,965 1,008 3,477
Output/Al
% 4.9% 5.6% 14.0% 55.7% | 13.9%
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Table4: Changein tota production costs (million $) (continued)
Total System Vaiadle Fixed

Updating Option O&M O&M Fuel Capitd Tod
(12) 25 67 (50)
Input/Foss|
-0.3% 0.2% 0.2% -1.1%
(16) 26 71 (54)
Output/Fossl
-0.4% 0.2% 0.2% -1.1%
(15) 17 79 (64)
Output/All

% -0.3% 0.1% 0.2% -1.4% 0.0%

Table 5: Average drop in margina costs and retail prices in the ozone season (¥MWh) rdaive
to permanent dlocation

For producers  For producers  For producers

20 Juridictions

. . etirdy in20  patidly in 20 outside 20 Total System
Updating Option juigicions  juisticions  juristiictions
change 2.0 13 04 11
lnpUt/ 0, 0, 0, 0, 0,
P | 9ot me 9.4% 6.0% 1.8% 5.1%

% of Retall Price 3.4% 2.1% 0.7% 1.9%

change 1.0
SO-LE:M % of MC 4.9%
% of Retall Price 1.7%

change 0.8
gﬁnpw % of MC 3.7%
% of Retail Price 1.3%
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Table 6: Magnitude of transfer from producers to consumers through updating systems relative to
permanent alocation

Updating Option 20 Jurigdictions Total System

| nput/Foss| $1.25 hillion $1.72 billion

Output/Foss| 1.19 1.59

The transfer from producers to consumers was calculated by multiplying total nationwide eectricity
sdes by the average nationwide drop in margind costs of energy production caused by the updating
system. The size of the transfer varies depending on the updating system used, but ranges from $1.2 to
$1.8 hillion. The cogt of creating this transfer is equa to the increased generation costs noted above, in
Table 4, and range from $18 to $29 million.

Table 7 shows that updating increases emissions within the 20 jurisdictions due to the shift in
generation into the region. Its system-wide effects are more benign, because of the reduction in
generation outsde the region and the change in generation mix away from cod. Thereductionsin
carbon and mercury shown in the lower pand of Table 7 take into account the increase in system-wide
electricity generation that might be associated with the price reductions shown in Table 5.4

4See Appendix D for adiscussion of the methodology for estimating the emission changes.
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Table 7: Change in emissons rdative to permanent alocation

20 Jurigdictions
Updating Option

Output/Foss|

Output/All

NO, Carbon Mercury
(MMT)

Input/Fossl

Output/Foss|

Output/All

(22.23)
-0.5%
(23.74)
-0.5%

“NO, emissionsin the 20 jurisdictions are capped during the ozone season; these changes are during the non-ozone

season.

C. Anticipated Effects for Additiona Options
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Asnoted in Section 111.D, EPA is dso considering variants of the six core options andyzed in
detail above. Though these variants were not modeled using IPM, andyses of their effects on individud
units makesiit possible to form afairly clear picture of how their sysem-wide effects would differ from
the core options. One of these variants is based on a permanent alocation system in which a
progressively larger fraction of al alowances are distributed through an auction (instead of being
digtributed free to utilities). This option’s effects would be the same as the permanent alocation
options, except that the transfer of wedlth represented by the free digtribution of alowancesto utilities
would be replaced over time by aflow of revenuesto the treasury. The effects of this flow would
depend on how the government used the additiona revenues.

EPA is aso congdering various ways to treet new units. Awarding alowances during ther first
years of operation (on the basis of current operating rates), as opposed to requiring new unitsto
purchase dlowances until they became established and built up arecord of inputs and output, could
provide asmadl additiona incentive for building new units within the 20 jurisdictions. Thisincreasein
new units would, in turn, be expected to increase the economic and environmenta effects associated
with updating: total costs would be dightly higher, prices would be dightly lower, and NOx emissons
outside the capped region would be dightly lower.®

A much more dramatic difference would be seen if EPA dectsto limit dlowance dlocations to
new units to the number they would actudly need to use, based on their permitted emission rates.
Because new units are subject to NSPS (new source performance standards), which tend to be more
gringent than standards for existing units, they will generdly be required to ingtal SCR units, and will
emit at rates wel below the industry average even after the implementation of the 126 rules. If they are
given alowances & the same rate as older units, they will tend to have many alowances available for
sde—which will not be the caseif they are given only as many asthey need for thelr actud emissions.
An IPM sengtivity run showed that alimit on the allowances recaived by new units would diminate
mogt of the shift in generation and cogts characterigtic of updating. The effect on prices would dso be
reduced, but to a smal degree only, and effects on emissons would aso change.

Findly, EPA conddered an option very smilar to the updating/output/fossi| option examined
above, in which the dlowance alocations would be updated every four yearsingtead of annudly.

SThe IPM modeling results presented in this report are based on runs in which new units were implicitly
assumed to need to buy all of the allowances they needed for their first four years of operation. A sensitivity run
was conducted to determine the effects of this simplification, with the finding that EPA’ s plan for awarding some
allowances to new units even in their first few yearswould slightly increase the effects of updating.
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Under this option, a unit’s operation in a given year will affect the dlocation it was to receive about
seven years later, rather than four years later asin an annud updating option. This delay, which result
from the need to average severd years operations together while leaving alag of three years between

the end of the base period and the beginning of the new dlocation,

Table 8: Comparison of the effects of updating, with and without limits on alowances for new units

relaive to permanent dlocation

Effect on Effect on Effect on Effect on Effect on
Pricein 20 Generation Total Cost Uncapped Carbon
Jurisdictions | inthe 20 NOXx
Jurisdictions
$/MWh, Millions of Thousands | Millions of
millskWh dollars per of Tonnes/yea
year, system- | Tons/year r
wide
Updating, Ouput/All units, No -$1.5/MWh | 75% $17.8 -18.3 -0.67
Limit for New Units
(Relative to Permanent
Allocation)
Updating, Ouput/All units, -$1.3/MWh | 1.0% $.6 -120 +1.14
Limited Allocationsfor New
Units
(Relative to Permanent
Allocation)

reduces the present discounted value of the allocated alowances. For this reason, the effects of

updating are somewhat reduced — by about 15 percent if the annual discount rate is 6 percent. Thus,
the effects of this quadrennia updating option on prices, emissons, and generation patterns would be
resemble a cross between the updating/output/fossil option and the updating/output/all option (because
the latter also resultsin less vauable dlocations to the foss| units).

Appendix A
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Memo on Allowance Allocation Options, February 17, 1999
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Appendix B
Numerical Example of the Effects of Permanent Allowance Allocation M echanisms

This gppendix presents a series of numerica examplesto illugtrate the point that how
alowances are dlocated under a* cgp-and-trade’ emission control program should not affect a utility’s
decison of how much dectricity to produce if the alowances are dlocated * once-and-for-al” through a
permanent alowance alocation system. The implementation of the emission control program itsef may
induce a utility to shut down a unit that was previoudy producing eectricity, but the way in which the
alowances are dlocated should not affect the utility’ s production decison. In other words, the utility’s
choice of whether or not to shut down, and how much to produce if it does not shut down, is not
affected by the type of dlocation scheme chosen.

The following sections set up the assumptions upon which the examples are based, and then
show how a profit-maximizing utility would act before and after a NOx control program isingtituted.
The utility’ s Stuation is compared for three possible ways of dlocating alowances: if no dlowances are
dlocated; if dlowances are alocated on the basis of heat input; and if alowances are dlocated on the
bads of historica dectricity output. In each case, the utility’ s costs, revenues, and net revenues
(profits) are found for various outputs (including for the case in which the utility shuts down). Under the
gtandard assumption that the utility will choose the course that yidlds the highest profit, the andys's
shows that the allowance dlocation mechanism affects the utility’ s profit but not its output.

1. Setting up the Problem: The Utility Prior to the Implementation of the Control Program

In this smple example, we assume that a utility owns only one generating unit, o its profits are
equd to the total revenues from that unit’s output minus the tota costs associated with the unit. The
utility’ s objective isto sdlect an output leve that maximize these profits, or to minimize its losses if losses
are unavoidable.

Total revenues can be characterized as the price an dectric utility receives for aMWh of
electricity times the number of MWh of dectricity sold by the utility in ayear. Assume for smplicity
that the price of dectricity is set by the market at $31.

Tota costs consst of fixed and variable costs. Fixed cogts are those that do not vary with
output; in this example, we assume that these costs cannot be avoided even if the unit is permanently
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closed. Assume that regardless of the amount of dectricity produced, fixed costs are $700,000 per
year. Variable costs are costs (such as fuel and some kinds of maintenance) that do vary with the level
of output (denoted as“Q"). In this case, we characterize variable costs such that they incresse at an
increasing rate with Q. The utility’ s Situation is presented in Table 1, which shows cogts, revenues, and

profits for severd levels of output.

Table 1: Profitsat Various Output Levels With No Emission Control Program

Level of Output —
MWh/year

100,000

281,250

400,000

500,000

656,250

750,000

Electricity Revenues
—at $31/MWh

3,100,000

8,718,750

12,400,000

15,500,000

20,343,750

23,250,000

Fixed Cost —
dollars/year

700,000

700,000

700,000

700,000

700,000

700,000

700,000

Variable Operating
Cost — $25.75/MWh,
rising by an
additional
$0.40/MWh for every
100,000 MWh year

2,615,000

7,558,594

10,940,000

13,875,000

18,621,094

21,562,500

Profit (Revenue
minus all costs)

-215,000

460,156

760,000

925,000

1,022,656

987,500

Maximum Profit Q for

Q>0

Maximum Profit Q for
any Q

Table 1 demondtrates that the highest profit occurs a an output of 656,250 MWh/year. This result
can be obtained using calculus, as described on the following page, though following the
mathematicsis not vital for understanding the rest of the analysis.

DRAFT
Page 40




2. The Implementation of a Cap-and-Trade NOx Control Program

Assume that the government decides to implement a cap-and-trade program in order to
decrease the amount of NOx emitted by dectric utilities. The policy is designed to reduce the amount
of NOx emitted to 0.15 Ibs per mmBTU or about 1.5 Ibs per MWh of dectricity. A utility cannot
affect the government’ sinitia alocation of alowances, and no adjusments are made to the alowance
dlocation after theinitid digtribution. Assume that alowances are given away to dectric utilities on the
basis of a historicd measure such asfud use or dectricity output.
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Using Calculusto Find Maximum Profit Quantities

Table 2 showsthe cost, revenue, and profit functions for the utility prior to the implementation of the
emission control program. To find the Q that gives the maximum profit using calculus, wefind the“first order
condition” (that is, we take the derivative of the total profit function with respect to Q and set it equal to zero)
and solvefor Q.

Table 2: TheProfit-Maximizing Output Decision Prior to the Emission Control Program
Revenues 31*Q
Costs 700,000 + 25.75* Q + 0.000004 * Q?
Profits = Revenues - Costs (31* Q) - (700,000 + ( 25.75* Q + 0.000004 * Q*))
First-Order Condition 31-(25.75+(2* 0.000004* Q))=0
Profit-Maximizing Output 656,250 MWh
Profit at 656,250 MWh $1,022,656

Notice that the fixed costs drop out of the equation entirely when the derivative is taken —the equation
specifying the maximum profit |ooks the same no matter what the fixed costs. This showswhy,
mathematically, the fixed costs are not relevant to the utility’ s output decision.

Solving for the profit-maximizing quantity of electricity, we find Q = 656,250. In other words, the electric utility
maximizesits profits when it produces approximately 656,250 MWh of electricity in ayear. If the maximum
generating capacity of the unit is 750,000 MWh of electricity in ayear, then producing 656,250 MWh/year is
approximately equivalent to the utility running at 88 percent of capacity all year-round.

By substituting the profit-maximizing quantity into the profit equation, we find that the electric utility is
making a profit of $1,022,656.

The costsimposed by the implementation of the alowance system aretwo-fold: Firgt, the utility
faces afixed control-equipment cost of $450,000/year. However, the fixed control cost is avoidable if

the utility shuts down the unit and therefore does not ingtal the control equipment. Second, the utility
faces avariable control cost of $3.00/MWh, which includes both the cost of running the control
equipment and the costs of buying alowances to cover the unit’ sresidua emissons.

Suppose, as one possible case, that the utility is dlocated no dlowances a all; it must purchase
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any dlowancesit needs. ItsStuation isshownin Table 3. The problem is aso explained using caculus
intable 4. If the utility decides to produce a positive amount of dectricity at the unit, it will maximizeits
profits when Q= 281,250 MWhlyear. If the utility produces 281,250 MWh, it will operate at aloss of
$833,594.

To determineif thisis the best that the utility can do, we compare the maximum profit

obtainable at the unit when it produces a positive amount of eectricity to its profits when it does not
produce any eectricity at that unit. If the utility shuts the unit down, then it avoids the fixed control-
equipment cost of $450,000 and operates at a loss of $700,000.

With No Allowances Allocated

Table 3: Profitsat Various Output Levels Under an Emission Control Program

Level of Output —
MWh/year

100,000

281,250

400,000

500,000

656,250

750,000

Electricity Revenues —
at $31/MWh

3,100,000

8,718,750

12,400,000

15,500,000

20,343,750

23,250,000

Fixed Cost —
dollars/year

700,000

700,000

700,000

700,000

700,000

700,000

700,000

Variable Operating
Cost — $25.75/MWh,
rising by an additional
$0.40/MWh for every
100,000 MWh year

2,615,000

7,558,594

10,940,000

13,875,000

18,621,094

21,562,500

Fixed Control
Equipment Cost

450,000

450,000

450,000

450,000

450,000

450,000

Variable Control Cost
(including allowance
purchase cost)

300,000

843,750

1,200,000

1,500,000

1,968,750

2,250,000

Profit (Revenue minus
all costs)

-700,000

-965,000

-833,594

-890,000

-1,025,000

-1,396,094

-1,712,500

Maximum Profit Q for
Q>0

Maximum Profit Q for
any Q
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$1,400000

Profits

Figure 1: Profits Before and After the Permit Systerr
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Using Calculusto Find the Maximum Profit Quantity, Part 2

Table 4 showsthe cost, revenue, and profit functions for the utility under the emissions control programin
the case where no allowances have been allocated to the utility. To find the Q that gives the maximum profit
using calculus, we find the“first order condition” (that is, we take the derivative of the total profit function
with respect to Q and set it equal to zero) and solve for Q.

Table4: The Profit-Maximizing Output Decision Under an Emission Control Program
With No Allowances Allocated

Revenues 31*Q
Operating Costs 700,000 + 25.75* Q + 0.000004 * Q?
Emissions Control Cost When Q >0 3* Q+ 450,000
Profits When Q > 0 = Revenues - 31* Q- (700,000 + 25.75Q + 0.000004 * Q? + 3* Q +
Operating Costs - Emissions Control Costs 450,000)
First-Order Condition 31-(25.75+(2* 0.000004 * Q) +3) =0
Profit-Maximizing Output When Q >0 281,250 MWh
Profit at 281,250 MWh $- 833594
Profit When Q=0 - $ 700,000

If the utility decides to produce a positive quantity of electricity, it maximizes profits when Q = 281,250
MWh/year. By substituting the profit-maximizing quantity into the profit equation, we find that the electric
utility operates at aprofit of - $833,594. However, if the utility were to instead shut down and produce no
electricity (Q = 0), it would have asmaller loss because it would avoid the cost of emissions control entirely.
The utility’s profit at Q = Oisequal to - $700,000.

Thus, if the utility does not receive any dlowances from the government in the initia alocation
process, the profit-maximizing output is 0 MWh of dectricity. Figure 1 illusirates the effect of the
implementation of an alowance system on the utility. Not surprisingly, when a utility faces an additiond
cog, it produces less dectricity. Inthis case, the cost of the allowance system causes the utility to shut
down and stop producing electricity.

3. Doesthelnitial Allocation of Allowances M ake a Differenceto the Utility’s Output
Decision?
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Does the Stuation improve when the eectric utility is given a certain number of alowances?
We examine two cases of permanent alocations: one in which the utility is dlocated a certain number of
alowances based on its past fud use and one in which it is dlocated alowances on the basis of its past
electricity output. Unless dectricity production aways requires exactly the same fud input per unit of
output, the number of alowances a utility is alocated will differ with the measure used to distribute
alowances.

a. (Permanent) I nput-Based Scenario

For the purpose of this example, we assume that the dectric utility is more efficient than
average, with a hegt rate of 7,500. In other words, it uses 7.5 million BTU to produce 1 MWh of
electricity (we assume that the average firm uses 10 million BTU to produce 1 MWh of dectricity).
Suppose that, based on its historical performance, the uitility is alocated 369 alowances per year.

Assume thet the market value of each alowanceis $3,000. The firm has no control over the
number of alowancesit receives and the number of alowances alocated to the utility does not change
over time. Therefore the value to the utility of theinitial alocation isfixed (it does not depend on Q).
When theinitid dlocation of dlowancesis based on past fud use, the dectric utility receives dlowances
worth $1,107,000. The utility can sdll al of the alowances, and then purchase any thet it needsto
cover itsNOx emissions, or it can hold back from the market dl of
the alowances it needs — either way, it will be better off by $1,107,000/year.

If the utility produces a positive amount of eectricity at the unit, it will maximize its profits when
Q=281,250 MWh of eectricity per year. If the utility produces 281,250 MWh/year it will make a
profit of $273,406. However, if the utility shuts the unit down, it will make an even greater profit. It
will avoid the cost of ingaling the control equipment and earn a profit of $407,000. Thus, a profit-
maximizing utility will gill produce 0 MWh of dectricity, despite the fact thet it now receivesa
subgtantial one-time subsidy of $1,107,000 in the form of alowances.

Table5: Profitsat Various Output Levels Under a Control Program With 369 Allowances
Allocated
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Level of Output —
MWh/year

100,000

281,250

400,000

500,000

656,250

750,000

Electricity Revenues
—at $31/MWh

3,100,000

8,718,750

12,400,000

15,500,000

20,343,750

23,250,000

Value of Allocated
Allowances

1,107,000

1,107,000

1,107,000

1,107,000

1,107,000

1,107,000

1,107,000

Fixed Cost —
dollars/year

700,000

700,000

700,000

700,000

700,000

700,000

700,000

Variable Operating
Cost — $25.75/MWh,
rising by an
additional
$0.40/MWh for every
100,000 MWh year

2,615,000

7,558,594

10,940,000

13,875,000

18,621,094

21,562,500

Fixed Control
Equipment Cost

450,000

450,000

450,000

450,000

450,000

450,000

Variable Control Cost
(including allowance
purchase cost)

300,000

843,750

1,200,000

1,500,000

1,875,000

2,250,000

Profit (Revenue
minus all costs)

407,000

142,000

273,406

217,000

82,000

-289,094

-605,500

Maximum Profit Q for

Q>0

Maximum Profit Q for
any Q
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Using Calculusto Find the Maximum Pr ofit Quantity, Part 3

When the utility is given 369 allowances, the profit function is amended to include a $1,107,000 subsidy (369
allowances each valued at $3000). Profitswhen Q > 0 are characterized by the following expression.

31* Q- (700,000 + 25.75Q + 0.000004 * Q2+ 3* Q + 450,000 ) + 1,107,000

Tofind the Q that gives the maximum profit using calculus, wefind the “first order condition” (that is, we
take the derivative of the total profit function with respect to Q and set it equal to zero) and solve for Q.
Despite the increase in the number of allowances allocated to the utility, the first-order condition isidentical
to thefirst-order condition when the utility does not receive any alowances. Since the number of allowances
autility receives cannot be affected by the utility’s choice of Q , the utility treats any revenues from these
allowances asfixed. Thus, the subsidy falls out of the equation when the derivativeistaken.

Table6: The Profit-Maximizing Output Decision Under an Emission Control Program
With 369 Allowances Allocated

First-Order Condition 31-(25.75+(2* 0.000004* Q) +3)=0
Profit-Maximizing Output When Q > 0 281,250 MWh

Profit at 281,250 MWh $273,406

Profit WhenQ=0 $407,000

Because the first-order condition has not changed, the utility’ s profit-maximizing Q also remains unchanged.
Regardless of the number of allowances allocated to the utility, it maximizes profits by shutting down the unit
and producing no electricity (Q=0). Theutility’s profit at Q = 0isequal to $407,000.

b. (Permanent) Output-Based Scenario

If autility with an unusudly efficient unit receives alowances on the basis of its higtorical output of
eectricity rather than itsfud input, it islikely to receive rdaively more dlowances. Table 7 illudtrates
the utility’ s Stuation if, under an output-based alocation mechanism, it recaives 492 dlowances.
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Table7: Profitsat Various Output Levels Under a Control Program With 492 Allowances

Allocated
Level of Output — 0 100,000 281,250 400,000 500,000 656,250 750,000
MWh/year
Electricity Revenues 0 3,100,000 | 8,718,750 12,400,000 | 15,500,000 | 20,343,750 | 23,250,000
—at $31/MWh

Value of Allocated 1,476,000 | 1,476,000 | 1,476,000 1,476,000 1,476,000 1,476,000 1,476,000
Allowances

Fixed Cost — 700,000 700,000 700,000 700,000 700,000 700,000 700,000
dollars/year

Variable Operating 0 2,615,000 | 7,558,594 | 10,940,000 | 13,875,000 | 18,621,094 | 21,562,500
Cost — $25.75/MWh,
rising by an
additional
$0.40/MWh for every
100,000 MWh year

Fixed Control 0 450,000 450,000 450,000 450,000 450,000 450,000
Equipment Cost

Variable Control Cost | 0 300,000 843,750 1,200,000 1,500,000 1,968,750 2,250,000
(including allowance
purchase cost)

Profit (Revenue 776,000 511,000 642,406 586,000 451,000 79,906 -236,500
minus all costs)

Maximum Profit Q for T

Q>0

Maximum Profit Qfor | T
any Q

When the utility produces a posgitive amount of eectricity a the unit, the profit-maximizing
quantity isto produce 281,250 MWh of eectricity (just asin the other two allowance alocation cases).
If the utility produces 281,250 MWhlyear it will make a profit of $642,406. However, if the Utility
shuts the unit down, it will make an even greater profit. It will avoid the cost of ingtaling the control
equipment and earn a profit of $776,000. Thus, a profit-maximizing utility will still produce 0 MWh of
electricity, despite the fact that it now receives a substantiad one-time subsidy of $1,476,000 in the form
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Using Calculusto Find the Maximum Profit Quantity, Part 4
An Emission Control Program - Allowances Allocated on the Basis of Electricity Production

When the utility is given 492 allowances, the profit function is amended to include a $1,476,000 subsidy (492
allowances each valued at $3000). Profitswhen Q > 0 are characterized by the following expression.

31* Q- (700,000 + 25.75Q + 0.000004 * Q*+ 3* Q +450,000) + 1,476,000

Tofind the Q that yields maximum profit, we solve for the “first order condition” (that is, we take the
derivative of the total profit function with respect to Q and set it equal to zero) and solve for Q.

31- (25.75+ (2* 0.000004* Q) +3) =0

Again, thefirst-order condition isidentical to the first-order condition when the utility receives fewer
allowances from the government. In other words, the utility’ s output decision is completely unaffected by its
initial allocation of allowances. If autility is making aprofit, it will continue to operate at a profit regardless of
the way in which the allowances are distributed. If it isinstead operating at aloss and hasto shut down, it
will do so regardless of the number of allowancesit is allocated.

Because the first-order condition has not changed, the utility’ s profit-maximizing Q also remains unchanged.
Regardless of the number of allowances allocated to the utility, it maximizes profits by shutting down the unit
and producing no electricity (Q =0). Theuutility’s profit at Q = 0 isequal to $776,000.

of alowances.

Figure 2 illugtrates the amount of profit made a each leve of output when the utility receives no
alowances, 369 alowances, and 492 dlowances. Notice that, while the profit function has aloca
maximum of 281,250, it has a globa maximum a 0 MWh of dectricity under each scenario. In other
words, the quantity at which the utility maximizes profit is the same even when the number of
alowances dlocated to the utility changes. While the shape of the profit function does not change with
the number of alowances received, it does shifts up as the number of allowances the utility receives
increases. Thus, while the output decision of the utility is unaffected, the amount of profit the utility
meakes changes with the number of alowances dlocated. The reason for thisissmple: a utility that is
dlocated alarger number of alowances recelves alarger one-time subsidy from the government.
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Fgure 2 The Hfect of Alowance Allocation on Qutput and Profit

45000007
$1200000 = Pis - Zero Alonences
$L500000 & Pois - 492 Abnanoes \
$1800000 Quertity

DRAFT
Page 51



Appendix C
Effects of Permanent Allocationsin a Series of Permanent Allocations

Economic theory strongly supports the prediction that the alocations made on a permanent,
once-and-for-al basis will have no effect on output decisions made after the alocations have been set.
A more subtle question is whether the effects of a permanent alocation that is one of series of smilar
alocations would be more likely to change the actions of affected firms. This appendix considers each
of these casesin turn.

Effects of Permanent Allocations Considered Individually

Asdiscussed in Section 1V of this report and in Appendix B, the basic reason for expecting that
future power plant operations will be unaffected by the Size of permanent alocation is that the benefits
of those dlocations fall into the category of “sunk” costs or benefits. Under a permanent once-and-for-
al alowance dlocation system, the number of allowances each firm receivesis based either on ether
past dectricity production or past fuel use and cannot be affected by the future decisions of the firm.
The economic benefits associated with the initid alocation of alowances are therefore no longer
relevant to the firm’'s subsequent output decisions regardiess of theinitid distribution of alowances.
Section 1V cites recent work on tradable permit alocations by Jensen and Rasmussarf, and an
introductory economics text by Dornbusch and Fischer,” in support of this point. A detailed numerica
exampleis presented as Appendix B to illustrate the fact that permanent alocations do not affect the
output a which profits are maximized, and therefore should have no effect on output decisons.

It could be argued, though, that there could be an indirect incentive for increasing or maintaining
output if the program based on a permanent alocation were expected to be one in a series of emission
control programs. For example, suppose the section 126 rule awarded allowances on a permanent
basis, usng historica dectricity output from five years before the sart of the program. Suppose dso
that the affected industry expected these rules to be followed by rules covering SO2, mercury, and then
CO2 a five year intervas. The system for alocating alowances under the section 126 rule could be
interpreted as an indication of how EPA would design the control programs for the other pollutants. If
0, producers could be shown to have some incentive to increase (or at least maintain) their output in
the years that might turn out to be the base period for the next permanent alowance dlocation. By this

6.Jesper Jensen and Tobias N. Rasmussen, “ Allocation of CO, Emission Permits; a General Equilibrium
Analysis of Policy Instruments,” unpublished manuscript, December 21, 1998
"Dornbusch and Fischer (1983). Economics. McGraw-Hill: New York, p. 180.
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logic, the act of including a given class of unitsin the permanent alocation system for the section 126
rule would induce changesin their operators expectations about the characterigtics of future rules, and
give them the incentive to maintain or increase output. Thisincentive might be srengthened if EPA
announced that it intended to continue to establish alowance programs based on successive historica
periods, in order to encourage increased output.

Though this effect is theoretically possible, its magnitude is likely to be very smdl for anumber
of reasons. Firdt, it would not be credible for EPA to establish a program to give alowances
historicaly in each successive regulatory program with the judtification thet this pattern would continue.
The problem isthat there are alimited number of mgor programs on the horizon, and once the last
planned program has been implemented there is no reason for EPA to give out the allowances on a
higtorica basis (because there would be no credible incentive to continue in operation through the next
historical basdline period.) EPA could not be counted on to give out historically based alowances for
the last program, and therefore would have no incentive to give out higtorically based alowances for the
second-to-last, and so forth.

Second, the influence of EPA’s NOx alowance alocation on the perceived likelihood that EPA
would give out dlowances to particular classes of units in the next regulation could be quite small.
EPA cannot make promises about how it will design future programs, and cannot dictate how States
will dlocate alowances. In addition, if dl previous regulations are taken into account in projecting
future alocation mechanisms, then the Title IV SO2 alowance program, and other programs, will aso
have agtrong influence. In this case, the influence of the section 126 rules will be diluted.

Third, the expected vaue of dlowance streams from future regulations depends on the certainty
that the future programs will go into effect at dl. Industry cannot be sure that there will be a mercury,
fine particulate, or CO2 program, and therefore would tend to discount the expected value of getting
alowances from them. Indusiry will also be unsure of the vaue of dlowance streams from future
regulations even given tha they will be promulgated. Because of uncertain levels of stringency,
uncertain geographic and sectoral coverage, uncertain cost-effectiveness of control technologies, and
uncertain fud and dectricity prices, utility plant operators are likely to view future streams as highly
uncertain. They can therefore be expected to apply a substantia risk discount to the expected value of
these streams. In addition, because most of the vaue of the streams of alowances from future
regulaions will fal many yearsin the future, little of the stream of alowance vaues will be counted
today.

Combining these observations suggests that permanent alowances under section 126 would
have dmost no influence on the future output levels of the units receiving the alowances,

Appendix D
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Methodology for Estimating Carbon and Mercury Emission Changes Resulting from
Updating

The firgt step in estimating the changes in carbon and mercury emissions atributable to an
updating alowance dlocation isto find the annua system-wide changes in these pollutants under the
assumption that system-wide output does not change. These estimates are calculated directly by 1PM,
which assumes no change in system-wide demand in response to updating. 1t can be expected,
however, that the price reductions caused by updating will result in more total dectricity being sold.
Thisincrementa demand will be met by fossi| generation, which will result in higher emissons of
mercury and carbon. Because preliminary analyses suggested that these added emissions could be
sgnificant, we developed a Smple method for assessing them quantitetively.

Wefirg found the nationwide annual change in prices in absolute (millskWh) terms, based on
IPM results, for an updating option compared to the permanent options. We then divided this change
by 58 mills per kWh, atypica retail price for eectricity, to determine the percentage changein retail
electricity prices. Using a price elagticity of demand for éectricity of -0.3, we estimated the change in
quantity demanded associated with this percentage change in price. Using the fact that about 77
percent of totd generation isfrom fossil fuels, we found the percentage increase in fossl generation that
would result from this percentage change in total generation under the assumption that dl of the
increased demand would be met by fossil generetion.

Given the estimated percentage change in foss| generation, we calculated the percentage
change in carbon emissons from utilities by examining modeling results for a scenario in which fossl
generation increased in response to growing demand. For this caculation of relative changesin carbon
and mercury to fossi| generation, we used projections of fossil generation and emissions of carbon and
mercury for the 20 jurisdictions (because the price changes caused by updating, and therefore the
increased demand, would be concentrated within the 20 jurisdictions).

Following these steps, we were able to trace the price changes to percentage changes in fossil
generation, and then to percentage changesin carbon and mercury emissons. Findly, the percentage
changes in carbon and mercury emissions were mulltiplied by basdine carbon and mercury emissonsto
find absolute changesin emissons. These calculations are laid out in the following table for the three
updating options.

Exhibit D-1
Cdculation of changes in uncapped pollutants, including effects of increased generation
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Ouput/all | Output/ | Input/ [Basisof Calculation
units fossil fossil
only only

IChanges due to dispatch changes

[MMT change in carbon emissions -1.58 -1.60 -0.84JIPM Modeling Results, Assuming No Change in
Electricity Use

Metric ton change in Hg emissions -0.29 -0.30 -0.28|IPM Modeling Results, Assuming No Change in
Electricity Use

[Changes due to price reductions

A bsolute electricity price reduction in -0.77 -1.01 -1.05]IPM results, years 2000 -- 2015

Mills’/kWh, systemwide, O3 season

D6 changes in retail electricty prices, -1.31%] -1.73%]| -1.80%|Dividing by 58 mills/lkWh, based on avereage revenues of

03 season utilitiesin EIA's Form 861 for 1990

D6 changes in retail electricity prices, -0.55%] -0.72%| -0.75%|Multiply by 5/12 to approximate annual price effects

bnnual average

D6 change in electricity generation 0.16% 0.22% 0.23%[Multiply by -0.3 as an approximate price elasticity, based
on ICF research, implicit EIA

P/ change in fossil generation 0.21% 0.28% 0.29%|Divide by 0.77, the fraction of generation in the 126
region from fossil, over 2004 through 2019, from I1PM
proj ections, non-updating

6 change in carbon emissions 0.15% 0.19% 0.20%Mulitply by 0.68, which is the ratio of percentage changes
in carbon in the 126 region to percentage changes in fossil
generation, from 2000 to 2016

D6 change in Hg emissions 0.11% 0.14% 0.15%Mulitply by 0.50, which is the ratio of percentage changes
in Hg in the 126 region to percentage changes in fossil
generation, from 2000 to 2016

IMMT increase in carbon emissions 0.91 1.20 1.24Multiply by systemwide annual millions of metric tons of
carbon emitted from fossil generation, from IPM
projections

Metric ton increase in Hg emissions 0.07 0.09 0.10Multiply by system-wide annual metric tons of Hg emitted
from fossil generation, from IPM projections

Net changes

MMT change in carbon emissions -0.67 -0.41 0.41|Sum of dispatch and generation-related changes

etric ton change in Hg emissions -0.22 -0.21 -0.181Sum of dispatch and generation-related changes
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